A rise in cytosotic free Ca 2+ is the immediate trigger for contraction in mammalian vascular smooth muscle. We used the fluorescent calcium indicator fura-2 and digital imaging microscopy to study the spatial distribution of intracellular Ca 2+ in arterial myocytes and the changes elidted by activation with norepinephrine (NE). Viable arterial myocytes were obtained from bovine tail arteries by enzymatic digestion. In modified Krebs' solution containing 1.8 mM Ca 2+ , these myocytes were relaxed and spindle-shaped. The cells contracted rapidly when exposed to NE or high-K + solution ejected from a micropipette; they relaxed slowly when the activator was washed away. NE evoked a rise in Ca 2+ concentration ([Ca 2+ ]) in the cells within 100 msec, at a time when the cells had not yet begun to contract. Maximal [Ca 2+ ] levels were attained within 600 msec, at which time the cells were substantially contracted. Digital analysis of images of cellular fura-2 fluorescence revealed that the intracellular [Ca 2+ ] was relatively uniformly distributed prior to activation, with an average resting level of 111±14 nM (n=6). During NE-evoked contractions, intracellular [Ca 2+ ] increased, and the distribution of [Ca 2+ ] became much more heterogeneous. On recovery from activation, the cells relaxed, usually attaining >90% of their original resting length. In contrast to the relatively uniform Ca 2+ distribution observed prior to NE activation, discrete regions of elevated [Ca 2 *] were observed throughout the recovered cells. The large spatial variation of [Ca 2+ ] after cell activation implies that Ca" was sequestered at localized sites in the cell during relaxation.
T he immediate trigger for contraction in vascular smooth muscle, as in other types of muscle, is an increase in the cytosolic free calcium concentration [Ca 2+ ].'-2 Ca 2+ can enter the cytosol from the extracellular fluid either through voltage-gated channels 34 -5 or receptor-operated channels. 6 Alternatively, or in addition, Ca 2+ may be released from internal stores in the sarcoplasmic reticulum (SR). 7 -9 For vascular smooth muscle, however, there is little quantitative information available regarding the calcium concentration, the spatial distribution of that Ca 2+ , or the changes in [Ca 2+ ] induced by stimulation. 10 "
Recently, we characterized the sources of Ca 2+ for the contractile responses of rings of bovine tail artery (BTA) and rat aorta elicited by short pulses of norepinephrine (NE) or by superfusion with K + -rich solutions. 12 Whereas 50% or more of the tension that developed during NE-induced contractions in rat aorta was mediated by Ca 2+ released from SR, in BTA only a small fraction of the NE-induced tension could be attributed to release of Ca 2+ from SR. Rather, during these contractions, about 85% of tension was mediated by Ca 2+ introduced into the cytosol from the extracellular fluid.
The BTA is a muscular artery, and myocytes from the BTA, 12 like those from other muscular arteries, 1314 contain substantially less SR than do myocytes from aorta. In addition, when compared with aortic cells, BTA myocytes possess a much more extensive network of dense bodies and fibrils that are believed to make up the cell's contractile apparatus. 14 Examination of the morphology demonstrated that BTA smooth muscle cells are virtually identical in structure to myocytes from the small resistance vessels (200-300 p,m in diameter) that branch from the main artery. Thus, smooth muscle cells from BTA appear to provide a good model for studying Ca 2+ regulation and excitation-contraction coupling in a mammalian resistance vessel.
The highly fluorescent Ca 2+ indicator fura-2 has been used to monitor [Ca 2+ ] in single cells from a number of different tissues. 15 -17 Moreover, when coupled with digital analysis of fluorescent images, fura-2 fluorescence provides a means to study the spatial distribution of [Ca 2+ ]. We report here on the use of fura-2 and digital imaging microscopy to study the spatial distribution of [Ca 2+ ] in single dissociated BTA smooth muscle cells and to examine the changes in [Ca 2+ ] induced by exposure to NE. BTA myocytes may be especially well suited for imaging studies: Because of their large size and widely separated intracellular organelles, spatial variation in [Ca 2+ ] associated with specific regions or organelles may be more easily resolved. A preliminary report of some of our findings has been published in abstract form. 18
Materials and Methods

Dissociation of Arterial Smooth Muscle Myocytes
The procedure employed to isolate arterial smooth muscle cells was modified from Van Dijk and Laird. 19 Bovine tails were obtained fresh from slaughter and transported to the laboratory on ice. The ventral midline artery of the tail was excised and placed in modified Krebs' solution (MKS) containing (mM) NaCl 140, KC1 5.9, NaH 2 PO 4 1.2, MgCl 2 1.4, CaCl 2 1.8, HEPES 5, glucose 11.5, adjusted to pH 7.4 and bubbled with 100% O 2 at 4° C. The artery was opened longitudinally and pinned to a silicone rubber surface, endothelial side up, in a Petri dish filled with cold MKS. The smooth muscle layer (with the endothelium attached) was then separated from the adventitia with fine forceps, minced, and placed in a siliconized flask containing digestion medium.
For each gram of tissue, the digestion medium consisted of 50 mg collagenase CLS II (Cooper Biomedical), 8 mg elastase Type II (Sigma Chemical, St. Louis, Missouri), 2 mg DNase (Sigma), 10 mg trypsin inhibitor Type II-S (Sigma), and 100 /xl amino acid standard solution (Sigma) in 10 ml Hanks' solution (containing [mM] NaCl 140, KC1 5.4, KH 2 PO 4 0.44, NaH 2 PO 4 0.42, NaHCO 3 4.17, CaCl 2 0.5, HEPES 5, glucose 5.55) supplemented with 1.5% bovine serum albumin. The tissue was incubated for 90-100 minutes at 37° C under an atmosphere of 100% O 2 , and pH was continuously adjusted to 7.3-7.35 with NaOH.
The partly digested pieces of artery were removed from the enzyme solution by filtration through 200 /im nylon mesh and washed with MKS. After transfer to 4 ml MKS, smooth muscle myocytes were dissociated by gentle trituration with a Pasteur pipette; dissociated cells were separated from the tissue debris by a second filtration through 200 y.m nylon mesh. The cell suspension was then examined in a Nikon (Garden City, New York) Diaphot inverted microscope with Hoffman modulation contrast optics. Dissociated myocytes could be maintained at room temperature in good condition for 4-6 hours.
Fura-2 Loading
In most instances, fura-2 was introduced into the arterial myocytes by adding fura-2-AM (the membrane permeant acetoxymethyl ester derivative; Molecular Probes, Eugene, Oregon) to the digestion medium during the final 60 minutes of incubation; the final fura-2-AM concentration was 5 /iM. At the end of the enzymatic digestion, the remaining extracellular fura-2-AM was removed when the tissue was washed free of the enzymatic solution. It has been reported that when fura-2 is loaded into some cell types at 37° C, the dye accumulates preferentially in acidic vesicles within the cells. 20 Cells labeled in this manner show a pattern of fluorescence characterized by bright, discrete spots over a more uniform background. This phenomenon appears to be specific to certain cell types (e.g., fibroblasts) but was not seen in these smooth muscle cells.
Alternatively, cells were loaded with fura-2 using the method described by Poenie et al 21 with some modification. A mixture of 4 ^,1 of 1 mM fura 2-AM in dimethyl sulfoxide and 2.5 /xl of 25% wt/wt Pluronic F-127 (BASF Corp, Parsippany, New Jersey) in dimethyl sulfoxide was made. To load cells, this solution was added to 2 ml Krebs' solution in which the cells were suspended. Loading proceeded for 60-90 minutes at room temperature using an orbital shaker (40 rpm) to agitate the suspensions. A sample of cells was then transferred to a tissue chamber on the microscope stage. Once the cells were settled on the floor of the chamber, it was perfused with MKS for 30-40 minutes at room temperature before study. The two methods of loading produced somewhat different distributions of fura-2 within the cells. Nevertheless, similar distributions of [Ca 2+ ] were obtained with the two methods.
Solutions
During experiments the cells were superfused with MKS at 37° C, adjusted to pH 7.4. In some experiments the cells were exposed to activating solutions containing high K + or NE. The K + concentration was increased by replacing 100 mM NaCl with equimolar KCI. /-Norepinephrine-HCl (Sigma) was added to MKS to a final concentration of 1 fiM, and 5 mM ascorbic acid was included as an antioxidant.
Digital Imaging Methods
The imaging system was designed around a Nikon Diaphot microscope that was optimized for transmission in the ultraviolet range, as required for excitation of fura-2. A custom-built illumination system, designed to provide high-quality Kohler illumination at the specimen plane, was used for ultraviolet illumination. The light source was a 75-W xenon lamp (Photon Technology Intl Inc, Princeton, New Jersey) situated within an F/4.5 ellipsoidal reflector that focused the arc at a point 279 mm from the faceplate of the lamp housing. The lamp housing was mounted vertically, and a dichroic mirror (Omega Optical, Inc, Brattleboro, Vermont) centered at 405 nm was placed beneath it to transmit most of the visible light into a trap. Light at wavelengths less than 405 nm was reflected through 10-nm bandwidth interference filters (Omega Optical, Inc) mounted in a computer-controlled motorized filter wheel. A quartz diffuser was located at the focal point of the ellipsoidal reflector, and the light was collimated by an off-axis parabolic mirror located 66 mm behind the diffuser. This provided a collimated beam 18 mm in diameter.
Aliquots (500 ^1) of smooth muscle myocyte suspensions were placed in a tissue chamber mounted on the stage of the microscope. Once the cells had settled and adhered to the bottom, the chamber was perfused with MKS (pH 7.4, 35°-37° C). Fura-2 fluorescence (510-nm light emission excited alternately by 340-and 380-nm illumination) from the cell, as well as background fluorescence, were imaged with Nikon UV-Fluor objectives (x40 and xlOO, n.a. 1.3). A Nikon dichroic mirror centered at 405 nm was used as a chromatic beam splitter to reflect ultraviolet light through the objective onto the cell under study and to transmit emitted fluorescence into the microscope. The fluorescent images were obtained using a microchannel plate image intensifier (Amperex XX1380, Opelco, Washington, DC) coupled by a relay lens to an Ultracon video camera (Ikegami 501, Opelco). A linear gray scale was added to the video signal before recording it on videotape (Panasonic NV-8500, Masushita Communication Industrial Co, Ltd, Japan) to monitor system performance. Electronically controlled shutters (Vincent Associates, Rochester, New York) were placed in front of the ultraviolet illuminator and the video camera to protect the cells and the instruments from excessive illumination as well as to minimize photobleaching of the fura-2.
Video frames containing images of fura-2 fluorescence in BTA myocytes illuminated at 340 nm and 380 nm, as well as the corresponding background images (fluorescence after removing the cell from the field), were digitized at a resolution of 512 horizontal x480 vertical pixels and eight bits using an Imaging Technology Inc (Woburn, Massachusetts) Series 151 image processor operating with an IBM PC/AT microcomputer (Yorktown Heights, New York). For cells at rest, 128 video frames were averaged at video frame rates (33 frames/sec). To reduce storage requirements and simplify processing as well as to perform a low-pass filtration of the image, each frame was reduced to a resolution of 256 horizontal x 240 vertical by averaging groups of four pixels (2 horizontal x2 vertical) and retaining the resultant image.
Image Analysis
Initially, the appropriate background images were subtracted, pixel by pixel, from the 340-nm and 380-nm cell images, respectively; cellular autofluorescence was not subtracted because no measurable autofluorescence was observed. Backgroundsubtracted 340-nm and 380-nm fluorescence images were then logarithmically transformed; the transformed 380-nm images were subtracted from the transformed 340-nm images, and the resultant "difference images" were then transformed exponentially to obtain the final ratio images in which pixel intensities were related linearly to the ratio. Pixels with intensities less than a preset threshold were set to zero in the 340-nm cell images and to 255 in the 380-nm cell images; in this way, residual background noise was suppressed. Ratio images generated in this manner, using lookup tables, were identical to those produced by dividing, pixel by pixel, 340-nm images by 380-nm images, with floating point division. The temporal resolution of the ratio images was limited by the time needed to acquire the video frames at each wavelength as well as by the time required to change filters from one wavelength to the other (approximately 1 second).
[Ca 2+ ] was related to the ratio (R) of measured fluorescence signals (F), elicited at two excitation wavelengths, 340 nm and 380 nm, according to the following two equations 22 :
where F^^u and F^«,, are the measured fluorescence signals from the cells when illuminating at 340 nm and 380 nm, respectively, while F^t , and Fjgo -bg are the respective background fluorescence signals. K d is the dissociation constant of the Ca:fura-2 complex. R,,,!,, and R^, symbolize, respectively, the ratios (F^o/F^,,) of the fluorescence signals of fura-2 (free of Ca 2+ ) and that of Ca:fura-2, at the two wavelengths. B is the ratio of fluorescence signals of fura-2 to Ca:fura-2, with excitation at 380 nm. Calibration parameters were determined using small volumes of EGTA-buffered calibrating solutions (pH 7.2, 37° C) 22 containing 3 fiM fura-2 pentapotassium salt and various [Ca 2+ ]. In cardiac myocytes, this method of calibration was used to measure intracellular [Ca 2+ ] in cells loaded by the method of Poenie et al. 21 These results were compared with intracellular calibration of microinjected fura-2 salt 23 ; the values obtained were similar for the two methods. This is inconsistent with, the presence of substantial concentrations of partially de-esterified intermediates 24 or other Ca -insensitive fluorescent species. 23 Nevertheless, since we did not employ intracellular calibration methods for the experiments described below, the absolute [Ca 2+ ] levels must be viewed with caution. This does not, however, detract from our observations concerning temporal changes and spatial heterogeneity in [Ca 2+ ]. 
Results
Functional Integrity of Isolated Bovine Tail Artery Cells
In general, 30,000-40,000 myocytes (determined in a hemocytometer) were isolated from each gram of tissue. Approximately 20-30% of the cells were elongated and appeared healthy. The cells were spindle-shaped and ranged from 120 to 150 fim in length ( Figures 1A and 2A ). Although not studied systematically, there appeared to be two populations of myocytes. One group had relatively large diameters (10-15 /im) and contained elongated nuclei (about 20-25 ^m long) (a representative example is shown in Figure 1 ). The second group had smaller diameters (4-8 nm) and ovate nuclei (about 6-8 /xm long) (a representative example is shown in Figure 2 ). The larger cells, with elongated nuclei, may be polyploid, as such cells are known to be present in normal vascular smooth muscle. 26 -27 The two groups of cells responded identically to stimulation; therefore, data from the two groups will be considered together in this study. Other, presumably damaged, cells were usually contracted and unresponsive to stimulation.
The viability and functional integrity of the spindleshaped cells were tested by determining their responses when exposed to NE or a high K + solution. NE was ejected onto the cell surface from a micropipette containing 10~6 M NE in MKS. In the presence of NE, the spindle-shaped cells contracted; Figure IB shows a typical example. The onset of the response was rapid: the cells shortened to 50-80% of resting length within several seconds when NE was continuously "puffed" onto the cell. When the NE was washed away, the cells elongated, attaining greater than 90% of their original resting length within 1 to 2 minutes ( Figure 1C) . These cells responded repetitively to repeated puffs of NE administered at intervals of several minutes.
The cells responded in a similar fashion when depolarized by ejection of solution containing 100 mM K + onto their surfaces (Figures 2A-2D ), which confirms their capability to respond to different types of stimulation. Moreover, the ability to respond, repetitively, to K + -induced depolarization indicates that these cells were able to maintain their membrane potentials following dissociation. This was confirmed in preliminary experiments in which resting membrane potentials (V M ) were measured directly using patch pipettes. In MKS, V M ranged from -49 to -57 mV (mean= -52.7± 1.7; n=4) for these cells.
Distribution oflCa 2 *] in Resting Cells
The digitized fluorescent images of two fura-2loaded, resting BTA myocytes, obtained at low and Figures 3A and 3B , 4A and 4B) were spatially nonuniform. The progressive increase in fluorescent intensity (as indicated by the increase in density) from the edge of the cell toward the center likely corresponds to an increasing path length due to increasing cell thickness. Moreover, the nucleus often stood out as the brightest area within the cell, suggesting that fura-2 may accumulate in that region.
In contrast, when the ratios of the fluorescent images were taken, the resultant "ratio images" (Figures 3C and 4C) were comparatively uniform in appearance. This indicates that [Ca 2+ ] is distributed relatively uniformly in the resting smooth muscle cell. In most instances, we observed that [Ca 2+ ] was uniformly distributed within resting cells that had not been stimulated previously. Using the calibration described in "Materials and Methods" to obtain the "Ca images," the resting [Ca 2+ ] in these cells was 127 nM ( Figure 3D ) and 108 nM ( Figure 4D ), respectively. In six spindle-shaped cells, the mean [Ca 2+ ] was 111±14 nM, comparable with values in vascular smooth muscle cells reported by others (e.g., 110-210 nM'° and 113 nM").
Measurement of[Ca 2+ ] During Cell Activation
Ca 2+ images from the same cell as depicted in Figure 3 , that illustrate the effect of NE stimulation on [Ca 2+ ], are presented in Figure 5 . Prior to stimulation, [Ca 2+ ] was uniformly distributed in this cell ( Figure 5A ). In contrast, the images obtained during NE-induced contractions were, characteristically, nonuniform ( Figure 5B ). In the presence of NE, the cell contracted to 55% of its resting length and, in some regions, the [Ca 2+ ] appeared to rise dramatically, whereas the [Ca 2+ ] in other areas increased relatively little. This spatial heterogeneity could account for the modest (twofold to threefold) changes observed in the average [Ca 2+ ] during NE-induced activation. However, in order to minimize movement artifacts during NE-induced activation, only four video frames were averaged to obtain each of the fluorescent images used to generate the ratio images. This resulted in images of contracted cells that were more noisy than those of resting cells. Moreover, some movement artifacts were present at the tips of the contracted cell in Figure 5B . Therefore, [Ca 2+ ] levels measured in cells during active shortening were considered unreliable.
The time course for the onset of an NE-induced contraction was correlated with changes in [Ca 2+ ] H . 3 by monitoring changes in fluorescence induced by illumination at 380 nm ( Figure 6 ). A single video frame of the cellular fluorescence elicited immediately before NE was applied is shown in Figure 6A . At 100 msec (three video frames) after beginning the application of NE, a rise in [Ca 2+ ], (indicated by the decrease in fluorescence emitted by the cell) is apparent. At this time, the cell had not yet begun to contract, although resolution at the cell edges decreased because of the decrease in fluorescent intensity ( Figure 6B ). The onset of contraction was first observed 100 msec later, or 200 msec after beginning the application of NE. A further decline in fluorescent intensity was observed by this time, indicating that [Ca 2+ ] had risen somewhat more. Maximal [Ca 2+ ] levels were attained after 600 msec, at which time the cell was substantially contracted ( Figure 6C ). When the NE was washed out, the fluorescent intensity increased, indicating a fall in [Ca 2+ ] levels during recovery ( Figure 6D ). Moreover, the increased fluorescent intensity following recov-ery indicates that the observed reduction in emission during contraction was likely related to changes in [Ca 2+ ] rather than to photobleaching of the fura-2. Figure 5C shows the distribution of [Ca 2+ ] within a cell approximately 1-2 minutes after washout of NE. At this time the cell was no longer lengthening, and recovery appeared to be complete. In contrast to the relatively uniform image of the resting cell observed prior to stimulation ( Figure 5A ), the image of the recovered cell was nonuniform and contained many discrete areas of high density. These variations of intensity in the Ca image indicate that there were regions of higher and lower [Ca 2+ ] within this relaxed cell. Similar observations were made in each of the four cells studied in this way. This is depicted more dramatically in the images of another cell that displayed a degree of spatial inhomogeneity in [Ca 2+ ] even before stimulation ( Figure 7 ). In this instance, before activation, the region of the nucleus (in the widest part of the cell) and discrete sites throughout the cell exhibited higher ratios, and therefore higher [Ca 2+ ], than other areas of the cell (Figures 7A and 7C ). Six regions containing such sites are circled as examples ( Figure 7C , a-f). Following an NE-induced contraction, this cell was allowed to recover until it stopped lengthening (30 seconds). At this time, those locations within the image that had comparatively high [Ca 2+ ] prior to stimulation ( Figures 7A  and 7C ) exhibited a marked increase in density (the signal is saturated in the black areas), indicating that the [Ca 2+ ] rose substantially in these sites following cell activation with NE ( Figures 7B and  7D ). This can be seen clearly by comparing the circled areas in Figure 7C with the corresponding circled areas in Figure 7D (a'-f). Other sites of high density in the images of the relaxed cell before and after exposure to NE can also be readily identified and compared (compare Figures 7A and 7C with Figures 7B and 7D, respectively) .
Distribution of[Ca 2+ ] Following Recovery From Norepinephrine Stimulation
Discussion Single Dissociated Bovine Tail Artery Myocytes As a Model for Studying Vascular Smooth Muscle
Methods have been available for isolating mammalian vascular smooth muscle for some time. 28 Nevertheless, only recently have such cells been shown to retain their contractile properties and responsiveness to agonists. 101929 - 30 We modified the isolation procedure of Van Dijk and Laird 19 and obtained large numbers of long, spindle-shaped cells without the use of the vasodilator isoproterenol.
Both structural and functional properties were used to assess the integrity of the isolated BTA myocytes. At rest, the elongated cells retained the spindle shape they possessed in situ. 14 Moreover, the cells were able to maintain an appropriate resting membrane potential, 31 and their contractility was also retained. They shortened in response to a-adrenergic stimulation (NE) as well as to depolarization with high K + . The contractions were reversible, and the cells often responded to repeated applications of NE or high-K + solution.
Distribution offCa 2 *] in Bovine Tail Artery Myocytes
Digital analysis of fura-2 fluorescence images has been used to study the spatial distribution of [Ca 2+ ] in isolated cells during activation in a number of cell types, including cardiac myocytes, 17 central nervous system neurons, 32 adrenal glomerulosa cells, 16 and gastric smooth muscle cells. 13 - 33 We applied these digital imaging methods to isolated mammalian arterial smooth muscle cells. BTA myocytes are unusually large for mammalian vascular smooth muscle, which may have facilitated studies of the spatial distribution.of [Ca 2+ ] and the identification of discrete sites of relatively high [Ca 2+ ].
In toad stomach smooth muscle, three subcellular pools of free Ca 2+ have been spatially resolved:.the cytoplasm, nucleus, and SR. 15 At rest, the [Ca 2 *] in the latter two compartments was higher than in the cytoplasm. Similarly, we observed that Ca 2+ distributed heterogeneously within mammalian arterial smooth muscle cells. In relaxed cells prior to stimulation, there was relatively little regional variation in [Ca 2+ ]. When the cells relaxed after stimulation, however, the spatial variation in [Ca 2+ ] became much more pronounced. In the region around the nucleus, as well as in other clearly denned locations within the cells, [Ca 2+ ] increased dramatically. In contrast, [Ca 2+ ] in the remaining areas returned to approximately the level observed prior to stimulation.
In BTA myocytes much of the rather sparse SR is concentrated just under the sarcolemma, although additional SR is distributed throughout the cytoplasm; some SR, as well as rough endoplasmic reticulum, is also located in the region around the nucleus. 12 The quantity and distribution of sites in which [Ca 2+ ] was increased following cell activation are consistent with the idea that Ca 2+ is sequestered in the SR and/or rough endoplasmic reticulum 34 in these regions. [Ca 2+ ] increased in the area of the nucleus; high [Ca 2+ ] was also observed in discrete sites at the edges of the cell images (e.g., in circles b, c, e, and f in Figure 7 ) that may correspond the subsarcolemmal region. The dark spots (high [Ca 2+ ] sites) that appeared to be located in the interiors of the cells may, indeed, correspond to sequestration sites distributed throughout the cytoplasmic space. Thus, the pattern of apparent sequestration correlates well with the distribution of SR in these cells.
In addition to SR, mitochondria may also sequester Ca 2+ after cell activation. 1 play a significant role in reducing cytoplasmic [Ca 2+ ] during relaxation. On the other hand, in smooth muscle, as in skeletal and cardiac muscle, the SR represents an important mechanism for regulating cytoplasmic [Ca 2+ ]. 91314 The role of the SR in excitation-contraction coupling in the BTA under in situ physiological conditions is unknown. However, only 15% of the tension generated when rings of BTA were exposed to NE was blocked by ryanodine, in contrast to rat aorta in which ryanodine inhibited 50% of the tension generated by NE. Moreover, BTA has at least 60% less SR than does rat aorta. 12 The observations made in the present study suggest that in BTA myocytes, the Ca 2+ for contraction, at least in part, may enter the cytosol from the extracellular fluid. In resting cells, there were usually (but see Figure 7 ) no regions containing high concentrations of Ca 2+ that could be identified as possible sources of releasable Ca 2+ for contraction (assuming that the fura-2 was similarly distributed in the cells before and after exposure to NE). Rather, it was only after recovery from NE that areas containing very high [Ca 2+ ] were seen. This suggests that during activation, Ca 2+ may have entered the cytosol of the cells from the extracellular fluid; subsequently, some of this additional cellular Ca 2+ was sequestered within the cell (probably in addition to direct transport of Ca 2+ out of the cells). 33 This behavior is reminiscent of that observed in cardiac muscle during "postrest inotropy," in which the SR stores of Ca 2+ appear to be unloaded during long periods of rest, and can be reloaded when the tissue is again stimulated. 36 -37 In skeletal muscle 38 and some cardiac muscle, 3639 the SR plays an essential role in both the initiation and termination of contraction by-phasic release and sequestration of Ca 2+ . In contrast, smooth muscle within the peripheral blood vessels in vivo is apt to be tonically stimulated by sympathetic neurons. 4041 As a result, cytosolic free Ca 2+ may be continuously maintained above contraction threshold. Under these circumstances, the SR may function to modulate tone by serving as a Ca 2+ sink or source for short-term changes in the cytosolic [Ca 2+ ]. Digital imaging methods may enable us to explore this possibility directly. Andrew Krause for help with design of the illumination system. We also thank Mr. William Sinclair and Mr. Jeffrey Michael for fabrication of the customdesigned components of the imaging apparatus and Mrs. Shiva Goutsias for computer programming.
